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Antenna swilxdi wilfa adiqptive fOter 



The mvention relates to an antenna switch being arranged tn altema^^y 
opoate in a recerv^ mode and in a transmit niode. The inv^ 
and aportable radio device conqnising sudi an antenna switch. 



The present invention can be used in wireless telecammunication applications 
lhat are arranged to alternately txansmit or receive wireless signals such as, mobile phones, 
personal digital assistants or wireless inter&ces fer portable) computers. The invention is 
particalarfy soited fijr multiband wireless telecommunication applications lhat are arranged to 
recdve radio frequency signals ftom or transmit radio frequency signals into different 
ftequency bands sudi as the GSMZDCS, PCS or EDGE ftequency bands. Antenna switohes 
are generally known in the art such as SW444 ftom MZA-com or CSH 510 from Infineon 
TedmolQgies. These, prior art antenna switohes use GaAs hi^power pHEMT switching 
devices finr coupling tranaoiitters and receivers to the antenna . 



It is an object of the present invention to provide an improved antenna switch 
for use in wireless telecommunication equipment To tiiis end, the antenna switdi that is 
arranged to alternately operate in a receive mode and a transmit mode, comprises an ad^ve 
filter for coupling signal processing means to an antenna during the receive mode and for 
electrically insulating the signal processing means fixim the antenna daring the transmit 
mode. 

The invention is based upon the insight a transmitter that is coiqiled to the 
antenna may impose high voltages upon that antenna during the transmit mode that may be 
coiq)led bade to and consequentiy damage the signal processing means. By providing an 
adaptive filter that is arranged to electrically insulate the processing means, e.g. a receiver, 
ftom the antenna daring the tiansmit mode damage to the processing means can easily be 
prevented without a need for higih-power and expensive switching devices that odiervrise 
would be required for decoi^pling the processing means fiom the anisnna. 
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Jn an embodimeiit of an anteaina switch according to the present invention, the 
signal processing means are dectricaUy insulated from flie antenna hy controllaibly 
configuring the adqrtive filter such that the adaptive filter is coupled between tiie antenna and 
ground during Ihe transmit mode. Herewifli, the entire voltage tiiat is imposed onto the 
5 antenna during the transnoit mode issued to the adsqrtiv© filter only, whidi means tiiat 

harmfiil voltages are not coiqded hack to die processing means. 

hi an embodiment of an antmna switcli accwding to the present invention, the 
adaptive filter is high-inqiedant durmg the transmit mode and low-unpedant during tiie 
receive mode. Accoiding to Ihe present invention, the entire voltage that is imposed onto die 
10 antenna during the transmit mode is iqjpUed to the ad^ve filter. By mddng Ihe adaptiw 
filtar higb-inpedant, the current and associated power, that must be absorbed by die filter, 
can considerably be reduced, whereas, daring recqriion, the reoraved signals should be 
attynynteti as Utfle as possible, wMdi requires tiiat die adaptive filler should be low mqiedant 
In anodieir enibodiment <^an antenna switch according to the present 
15 invention, die ad^ve filler has a first passband during die transniitniode and a second 
passband during die recave mode. Widi diis, it is possible to arrange die antenna switdi so 
that it can only receive radio firequency signals fixjm, or transnut radio fiequency signals into, 
certain prefened fiequency bands such as die GSM/DCS or EDGE fi»quency bands. Signals 
that Ue outside fliese preferred fijequency ranges are si:^ressed or refected. Additionally, this 
20 embodiment provides die advantage that die filler also suppresses or rqects the higher 

harmonics of the received or transmitted radio fisqoency signals ^ch odierwise may cause 
interference. 

In an embodiment of an antenna switch according to die present invention, die 
adaptive filter comprises a switch device dirough which die processing means is ooiq)led to 
25 ad^tive filter. Herewith, die receiver can galvanically be coi^led or decoupled firan die 
antenna. 

In an embodiment of an antenna switch according to the present invention, the 
switdbL device is a low-power switch device. Which are generally more compact and less 
expensive switching devices.' 
30 In anodier embodiment of an antenna switch according to the present 

mvention, die adaptive filter further provides electrostatic discharge protection. This has die 
advantage diat no additional BSD protection devices have to be mtegrated into either die 
antenna switch itself or into the signal processing means for protecting against an 
electrostatic discharge. 
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In aa emibodimeat of an antenna switch according to fhe present invention, the 
adaptive jBlter comprises switching devices for changing the geometry of the fQ.t^. Herewith, 
the characteristics of the filter can easily be adapted depending on the operational mode of 
the antemia switch. 

5 Einbodiments of a module and a mobile radio device according to the present 

invention, correspond with embodiments of the antenna switch according to the present 
invention. 



10 These and other aspects of the invention will be apparent firom and elucidated 

with reference to the embodiments described hereinafter. 

Fig. 1 shows a functional model of a prior art antetma switch. 
Fig. 2 shows an exanqile of the filter characteristics of the adaptable filter 
according to fhe present invention. 
IS Fig. 3 shows an ecabodimeiit of an antetma switdi according to the 

invention. 

Fig. 4 shows a module comprising an antenna switch according to the present 

invention. 

Fig. S shows aportable radio device conqmsing an anteima switch according 
20 to the present invention. 

In Fig. 1, a fimctional model of an antenna switdi according to the prior art is 
ixrovided. The antenna switch conqmses switching devices 7,9 and 1 1 for coupling multiple 

25 receivers (not shown here) to the antenna 1. Each lecdiver maybe arranged to process radio 
fisquency signals (not shown here) that are originating fixim different firequency bands such 
as GSM/DCS , PCS or EDGE. The antenna switdx fixrfher courses switdnng devices 3 and 
S fiir coupling multiple transmittm to the antenna 1 for transmittujg radio frequency signals 
into the different frequency hands. The switching devices are controlled by applying a control 

30 voltage (Vcl, Vc2,Vc3,Vo4,Vc5) to the gate of the switchmg devices. 

Fig. 2 shows by means of exanqile, a possible filter characteristic of the 
adaptive filter* According to the present invention, the filter characteristics of tte ad^tive 
filter are determined by the operational mode of the antenna switeh Le. the transmit mode and 
receive mode. In addition, through the anteima switeh multiple transmitters and or receivers 
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can be coupled and decoiq^led to and from the antenna. This is reflected in the design of Ibe 
adaptive filter. The adspAve filter of Fig. 2 for mampl^ is designed to operate as a higb-pass 
filter (curve 20) during the receive mode and to operate as abandpass filter (corves 22,24) 
during the trammit mode. The adaptive filter of Fig. 2 is designed to support tvtro transmittes 
S for the transmission of radio firequency signals into two frequency bands. Curve 22 can be 
used for a transmitter fiiat transmits radio firequency signals into Ifae GSM firequency band 
^wbilst curve 24 can be used fi)r a transmitter that transmits radio firequency si goals into the 
DCS firequency band. 

Fig. 3 shows an antenna switch according to the present invention comprising 

10 adaptable filter 30. The adaptive fitter 30 is equipped with switches S3,S4 and S8 to modify 
the geometry of the filter in accordance with the operational mode of the antenna switoh 3 1 . 
The antenna switoh 31 according to Fig. 3 supports two transmittCTS Txl and Tx2 and tree 
receivers RxlJRx2 and Rx3 for the transmission respectively reception of radio firequency 
signals. It will s^arent to llie man skilled in the art that antenna switohes 30 can d^ved that 

15 support an arbitrary number of transmitters and receivers. 

The transmitters Txl and Tx2 can be coupled to the antenna through switohes 
SI and S2 which are alternately operated i.e. only one of the transmitters at a time Txl and 
Tx2 is cottpledto Ihe antenna 1 . The receivers Rxl3^ andRx3 are coupled to the antenna 
1 through the ad^>table filter. Ahhou]^ most of times only one receiver at a time will be 

20 coupled to the antenna 1, it is also possible to simultaneously couple multiple receivers 

Rxl,Rx2 andRx3 totiieantoma 1 for a paraUelrecq)tion of multiple radio fieqoenQr signals 
that originate fiom different firequency bands. 

The adaptable filter 30 comprises switohes S3, S4 and S8 to change the 
geometry of the filter depending on the operational mode of the antenna switoh. During Ihe 

25 receive mode, switohes SI, S2 , S3, S4 and S8 are opened so that tixe ad^tive filt^ 

comprises LI, CI and CZ vi^ch represrats a high-pass filter. During Ihe transmit noode, the 
geometry of the adaptive filter 30 changes to aband-pass filter. la case Txl is cot^led to the 
antenna, switohes S1,S3 and S8 are closed so that the adaptive filt^ 30 comprises C1,C2,C3, 
LI andL2. In case Tx2 is coiq)l6d to the antemia 1 the adaptive filter 30 conqnises C1,C2 

30 C3, LI and L3. By having diffident values for LI and L3 it is possible to obtain different 

band-pass filter characteristics as is for example illustrated by curves 22 and 24 of Fig. 2. By 
closing S8 during transmission, Rxl,Rx2 and Rx3 are coiq>led to ground through decoiq>ling 
cc^citor C3. Herewitii, receivers Itxl, Rx2 and Rx3 are shielded &om hannM voltages that 
may be inqposed onto the antenna by any one of the transmitters Txl and Tx2. According to 
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the present mvmtion, Ihe adaptive filter is high icopedant during liie transmit mode which 
considerably reduce the flow of current through the adaptive filter. Inductor LI also serves as 
an BSD protection device. 

Various component can be used as switching devices for example highrpower 
5 pHEMT switches, low-power pHEMT switches , CMOS RF switches or even Mm4S 

(MicroElectromechanical Machine Systems) switches. In a cost effective implementation of 
tfae antenna switch SI, S2, S3 and S4 and S8 could ini^lemented as PIN diodes whilst SS,S6 
and S7 could be low-power pHEMT switches. It will be apparent to the man skilled in the art 
that in this case a decoupling device 32 is required to prevent that the PIN diodes S3 and S4 
10 are galvanically coupled. Decoupling device 32 could be implemented as a c^acitor. 

Fig. 4 shows a module 40 that comprises an antenna switch 3 1 that is coupled 
toaradiofirequency fi:ontend42. The radio frequency fix^nt end 42 is arranged to generate or 
process fiie transmitted or received radio frequency signals. 

Fig. S shows a portable radio device, such as a mobile phone, a i>ersonal 
IS digital assistant or a wireless inter&ce card for (mobile) computers. Shown is an antmna 1» 
coiqiled to antenna switdi 3 1 . The portable radio device comprises a radio fi?equency fixmt .. 
end 42 for the generation or the processing of the transmitted r^ectively, received radio 
frequency signals. 

i 

It is to be noted that the above-mmtioned embodiments illustrate rather than 

20 limit the invention, and that those sldUed in the art wiU be a^ 

embodiments without departing from the scope of the appended clatms. The word 
"conxprising'' does not exclude tiie presence of elements or steps other than those listed in a 
claim. The wOTd *'a" or "an" i»ceceding an element does not exclude the presence of a 
pluiaUty of such elements. The mere &ct that certain measures are r^^ 

25 different dependent claims does not indicate that a combination of these measures cannot be 
used to advantage. 
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CLAIMS: 



1. Antenna switch (31) being ananged to alternately operate in a receive mode 
and a transmit mode , the antemia switch comprising an adaptive filter (30) for coiq,ling a 
signal processing means to an antemia (1) during the receive mode and fiir electrically 
insulating the signal processing means fiom the antemia (1) during the transmit mode. 

2. Antemia switch (31) according to claim 1, wherein the signal processmg 
means are electrically insulated &om the antemia (1) hy controllabty configuring the adapdvo 
filter (30) such that the adaptive filter is coiqiled between the antenna (1) and ground (CTJD) 
during the transmit mode. 

3. ^*emia switch (31) accoidmg to clahn 2, wherein flieadaq)tivefiltw (30) is 
high-inq.edant durii^ the transmit mode and low-m5>edant durmg the teceiw 

4. ^^**»™a«^teh (31) according to claims 2 or 3. wherein the adjq^ 

(30) has afirstpassband (22^) during the transmitmode and a secondpassband (20) during 
the receive mode. 

5. Antenna switch (31) accordii^ to claim 4, wherem die first passband (22;24) 
is a band^s passband and the second passband (20) is a hi^pass passband. 

6. A'^*^™^ switch (31) according to claim l,wheiemtiwadi5rtivefil^ 
comprises a switch device (S5.S6.S7) through which the signal piocessu^g means is coiqiled 
to adq>ttve filto:. 

7. A'**^™**^*** (31) according to daim 6. wherem the switch 
(SS,S6,S7) is a low-power switdi device. 

8. Antenna switch (31) according to claim 7. wherem the low-power switch 
device is a low-power pHEMT or a MEMS. 
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9. Antenna switch (31) according to claim 1, wherein the ad^tive filter (30) is 
fiirflier arranged to provide electrostatic discharge protection. 

10. Antenna switch (31) according to claim 1, wherein the adaptive filter (30) 
conq^ises switdung devices (S3,S4,S8) for changing the geometry of &e ad^tive filter (30). 

11. Module (40) comprising an antenna switch (30) according to claim 1. 



12. 

claim 1. 



Portable radio device (50) comprishig an antenna switch (30) according 
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ABSTRACT: 



An antenna switch (31) that is airanged to alternately operate in a receive 
mode and a transmit mode, conqmses adaptive filter (30). Herewith, signal processing means 
(Rxl,Rx2 and Rx3) can be coupled to an antenna (1) during the receive mode and be 
insulated ficom the antrama dating the transmit mode. 



Fig. 3 
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